The objective of this paper is to investigate the effects of state tobacco control program expenditures on individual-level tobacco use behaviors among young adults. Data come from the 1993, 1997, 1999 and 2001 waves of the Harvard School of Public Health College Alcohol Study (CAS). Our findings indicate that a higher level of state spending on tobacco control programs is associated with a statistically significant increase in the probability that smokers report at least one attempt to quit smoking in the past year, as well as increases in the number of attempts to quit in the past year among smokers. We also find that higher state expenditures on tobacco control programs are associated with reductions in the prevalence of smokeless tobacco and cigar use among college students. We do not find, however, any statistically significant association between state tobacco control program expenditures and the overall prevalence and intensity of cigarette use among college students, a finding that is at odds with previous research on high school students.
Introduction and Background
Over the past decade, there have been appreciable declines in the use of tobacco products among young people. In 1997, when adolescent smoking rates were at their peak for the 1990's, 36.5 percent of high school seniors reported using cigarettes in the past 30 days and 9.7 percent reported using smokeless tobacco in the past 30 days but, by 2005, these rates had fallen to 23.2 percent for cigarettes and 7.6 percent for smokeless tobacco (1) . The prevalence of tobacco use among young adults also started to decline during this time period, but less dramatically. Among college students, the past month prevalence of cigarette use increased from 22.2 to 28.2 percent between 1993 and 1997.
Subsequently, smoking rates among college students declined somewhat, falling to about 25 percent by 2001 (2) . 1 Similarly, between 1993 and 2001, college students' past 30 day use of smokeless tobacco fell from 4.6 percent to 3.2 percent (2) . In the 18 to 24 year old age group more generally, data from the National Health Interview Survey show that in 2004, 23.6 percent of this age group reported current smoking 2 , a 14 percent decline from 1994 when this rate was 27.5 percent (3, 4) . Current use of smokeless tobacco 3 among 18
to 24 year old adults in the NHIS declined from 7.7 percent to 5.0 percent between 1994 and 2000 (5) .
While this progress is encouraging, the rate of smoking among young adults in 2004 was still almost twice as high as the Healthy People 2010 target of 12 percent (6) .
Moreover, it is alarming that large numbers of young people continue to smoke and use 1 Young adult smoking rates would be expected to begin to fall a few years after the decline in teenage smoking because of cohort effects, holding other factors constant. 2 Defined as smoking at least 100 cigarettes in lifetime and at time of interview smoked every day or some days. 3 Defined as using at least 20 times in lifetime as well as current use (in 1994 NHIS) or using every day or some days (in 2000 NHIS).
smokeless tobacco, despite overwhelming evidence that these behaviors are potentially deadly. Smoking causes numerous types of cancer, cardiovascular disease, and respiratory diseases, and it remains the single, most important factor underlying preventable death and disease in the US (6, 7) . Use of smokeless tobacco has been linked to cancers and lesions of the mouth as well as nicotine addiction (8) . Quitting smoking has important and immediate health benefits for people of all ages, including a reduction in the risk of developing cancer, heart attack, stroke and chronic lung disease (9, 10) .
Given the large numbers of young tobacco users in the United States, the known health consequences of these risky behaviors, and the demonstrated benefits of quitting, there is considerable interest in state-level policies that can decrease youths' consumption of tobacco products. Existing research supports the idea that state policies are effective tools that can be used to raise the full price of smoking (either by increasing the money price, the time price, or both) and thus reduce smoking among teenagers and young adults (6, 11) . Increasing the price of cigarettes has been linked to decreases in smoking prevalence among high school and college age youth as well as reductions in daily smoking, frequency of smoking, average consumption, and smoking initiation among young people (12) (13) (14) . Other state tobacco control policies, such as clean indoor air laws and youth access limits, also have been shown to be effective in reducing smoking among youth. A smaller body of research indicates that public policies also are effective in reducing rates of smokeless tobacco use (14) (15) (16) (17) .
An additional, less-studied mechanism through which states potentially can influence youth tobacco use is large-scale, comprehensive tobacco control programs.
Currently, all states and the District of Columbia fund such programs, which tend to be diverse and multi-faceted. The Centers for Disease Control and Prevention (CDC) recently published best practice guidelines for comprehensive state tobacco control programs, with recommendations for funding ranges and program components (18).
These guidelines indicate that a comprehensive tobacco control program should include the following: community-based interventions to reduce tobacco use, chronic disease programs to decrease the burden of tobacco-related illnesses, school programs, enforcement, state-wide programs, counter-marketing, cessation programs, education, surveillance and research, and administration (18). The CDC based these guidelines on the experiences of several states that had initiated and evaluated tobacco control programs early on, including California, Florida, Massachusetts, and Oregon. California, for example, started a state-wide tobacco control program in 1990, using funds from a 25 cent increase in cigarette excise taxes (19) . The California Tobacco Control Program was considered a model for other states, and included a media campaign, smoking cessation services, and prevention programming aimed at children and young adults (20) .
State tobacco control programs potentially can change attitudes about tobacco, prevent tobacco use initiation, encourage users to quit or reduce the frequency of use, and, in these ways, ultimately reduce the prevalence of tobacco use among youth. A number of state-level evaluations of tobacco control programs suggest that the programs indeed are associated with declines in tobacco use (21) (22) (23) (24) (25) . Most state-level evaluations (Hu et al is an exception) rely on a "before/after" study design. In these analyses, therefore, the possibility remains that reductions in tobacco use may have been caused not by tobacco control programs but by other confounding, concurrent factors, such as increases in cigarette excise taxes (19) . It is critical to study the effects of tobacco control program expenditures on college students' tobacco use behaviors for several reasons. First, the college campus represents a setting where the importance of community health is emphasized. Although tobacco use behaviors are often perceived as personal or individual issues, the college campus forms a specific environment that impacts not only the individual behaviors of students but also allows students to influence each other's behavioral choices, leading to shared health challenges and benefits for the entire campus.
Furthermore, the mechanism linking tobacco control programs to tobacco use may be quite different for college students compared to that of high school students.
Unlike younger adolescents, college age youth have long passed the stage of smoking initiation (28) , which generally occurs by eighth grade (29) . In the CAS sample used in this paper, for example, less than 5 percent of respondents reported initiating smoking after age 18. Compared to older smokers, however, college-age smokers still may be transitioning into regular smoking patterns (28) and they are more likely to be able to quit smoking (30) . As a result, tobacco control efforts may be most effective among college students by motivating and providing resources to help current tobacco users quit or reduce consumption. Ultimately, these efforts may lead to changes in the prevalence and intensity of tobacco use driven by individuals quitting or failing to transition into an established pattern of smoking rather than by individuals avoiding or delaying initiation.
Our findings indicate that state tobacco control expenditures do affect patterns of tobacco use among college students. A higher level of state spending on tobacco control programs is associated with a statistically significant increase in the probability that smokers report at least one attempt to quit smoking in the past year, as well as increases in the number of attempts to quit in the past year among smokers. We also find that higher state expenditures on tobacco control programs are associated with reductions in the prevalence of smokeless tobacco and cigar use among college students. This is the first evidence based on national data that state tobacco control programs are effective in increasing smoking cessation attempts, and decreasing smokeless tobacco and cigar use among young people. We do not find, however, any statistically significant association between state tobacco control program expenditures and the overall prevalence and intensity of cigarette use among college students, a finding that is at odds with previous research on high school students. The increases in attempts to quit among smokers that we observe now, however, ultimately may reduce the prevalence of smoking as these college students age.
Empirical Approach
The aim of the study is to estimate the association between state-level expenditures on tobacco control programs and a range of individual-level smokingrelated outcomes among college students. Our general specification is the following:
Equation ( In estimating Equation 1, two important issues arise. The first is the nature of the dependent variable. We consider the following classes of tobacco use outcomes: 1) prevalence of tobacco use, captured by three measures of whether or not the respondent currently uses tobacco (any use of cigarettes in past 30 days, any use of smokeless tobacco in past 30 days, any use of cigars in past 30 days); 2) intensity of tobacco use, measured by the number of cigarettes smoked per day, among those who have smoked cigarettes in the past 30 days (this intensity measure is not available for the smokeless tobacco and cigar outcomes); and 3) attempts to quit tobacco use, measured by whether the respondent has made any attempt to quit smoking and the number of quit attempts in
the past year among current smokers (quit attempts information is not available for the smokeless tobacco and cigar outcomes). These measures are described in detail below.
In cases of continuous dependent variables (e.g., log of number of cigarettes per day) we use Ordinary Least Squares (OLS) for estimation. In cases of limited dependent variables, we use alternative estimation methods. For binary outcomes (e.g., at least one attempt to quit in past year), we use standard probit models. For models in which the dependent variables is a count of events (e.g., number of attempts to quit in past year), a
Poisson or a negative binomial distribution best describes the nature of the dependent variable (31) . In our case, the negative binomial distribution is chosen because in likelihood ratio tests based on the number of quits models, we consistently reject the null hypothesis that the underlying distribution is Poisson. For all outcomes, the models are estimated with Huber-White standard errors adjusted for clustering at the state level.
The second estimation issue involves the inclusion of ? k , the fixed effects which represent the state in which the respondent attends college. Including state fixed effects in the model has both advantages and disadvantages. The advantage of including state fixed effects is that we can account for time-invariant state sentiment that may confound an observed association between state-level tobacco policies and individual-level tobacco use behaviors. For example, states with high levels of anti-smoking sentiment may spend relatively more than other states on tobacco control, as well as have college students who smoke less and are more likely to try to quit smoking compared to students in other states. Including state fixed effects is one way to control for this potential confounding.
The disadvantage of including state fixed effects, however, is that doing so limits the variation in tobacco control program expenditures (as well as cigarette prices and other state specific covariates) to the within state variation in these variables. If there is very limited variation within states over time in any of these state specific covariates, we may not be able to obtain meaningful results. Our data span a relatively short time period (1993 -2001) . Although there appears to be adequate within-state variation in tobacco control program expenditures during these years, it still may not be reasonable to expect within-state changes in program expenditures during this short time period to effect appreciable changes in outcomes, particularly tobacco prevalence outcomes (cessation behaviors may be easier to influence).
Because of these pros and cons of including state fixed effects in the models, we
show results from four alternative specifications which include: no geographic indicators; state fixed effects; dummy indicators for region; or a dummy variable indicating the state is a major tobacco producer. The first approach makes no attempt to account for state sentiment towards tobacco. The second approach controls for fixed, unobserved sentiments towards smoking at the state level. The latter two approaches capture sentiment towards smoking at a broader geographic level, allowing for greater "within" variation over time in tobacco control program expenditures compared to when state effects are included.
As in any non-experimental study, even when we include state fixed effects, we cannot definitively conclude that an observed association between state tobacco program expenditures and college students' tobacco outcomes reflects a causal relationship. reports of attempts to quit, followed eventually by decreased smoking prevalence and intensity. There is considerable evidence that terminating an addictive behavior such as smoking involves progressing through five stages: pre-contemplation, contemplation, preparation, action, and maintenance (32) . Individuals in the pre-contemplation stage do not plan to change their smoking behaviors in the near future, while those in the contemplation stage are considering making changes but are not ready to do so yet. The preparation stage involves making plans to take action in the next month or so, and individuals in this stage may be reducing their frequency or intensity of smoking. During the action and maintenance stages, smokers actually quit cigarette use and work on maintaining abstinence. Typically, smokers spiral through these stages several times before quitting permanently (33) . Thus, the probability of a successful quit is low for each attempt (particularly the first few) and as a result, it may take repeated and prolonged exposure to tobacco prevention programming to actually change the prevalence of smoking among young adults. For this reason, if our findings show more robust effects on attempts to quit smoking compared to smoking prevalence and intensity, this pattern would be consistent with a causal story.
Data
The 
Attempts to quit smoking
In the 1997, 1999 and 2001 waves of the CAS surveys, all respondents were asked about their smoking cessation behavior. More specifically, the students were asked the following: "In the past 12 months, how many times have you tried to quit smoking and succeeded for at least 24 hours?" Possible responses included: Never, Once, Twice, 3 times, 4 times, 5 or more times. Based upon this question, we constructed two measures of smoking cessation. The first smoking cessation measure is a dichotomous indicator that is equa l to one if the respondent has tried to quit smoking at least once for at least a period of 24 hours within the past 12 months and zero if the student reports no attempts to quit. The second measure of smoking cessation behavior reflects the frequency of cessation attempts. It is an ordered level measure which equals a value of: zero for no cessation attempts; 1 for one 24 hour attempt; 2 for two 24-hour attempts; 3 for three 24hour attempts, 4 for four 24 hour attempts and 5 for five or more 24-hour attempts.
Because the number of quits measure is censored on the right hand side, in sensitivity analyses, we explored whether changing the value of "five or more attempts" to 6 instead of 5 affects our findings. Our results were not affected by this change; these findings are not shown in the paper (results available upon request from corresponding author).
We estimate the smoking cessation models using three alternative samples of respondents who may be at risk for quitting smoking. The broadest sample includes all respondents who reported any cigarette use in the past year. The advantage of estimating the smoking cessation models using this sample is that we will have captured all respondents who made an attempt to quit in the past year, including those who currently smoke but have made unsuccessful attempts to quit as well as successful quitters who report smoking in the past year but do not report any current smoking. The disadvantage of using this sample is that it includes many respondents who rarely smoke, or have smoked only a few times in the past year, and would not consider themselves to be smokers. In our sample, for example, among past year smokers, about 38 percent report no current daily smoking and an additional 20 percent report currently smoking less than one cigarette per day. Thus, the past year smoker sample may include a large number of respondents who were never at risk of quitting, since they don't smoke regularly, and therefore could not conceivably have been influenced by state tobacco control programs. 4 Since quitting should only be a potential outcome for those who consider themselves to be smokers, in addition to using the past year smokers sample, we also estimate the smoking cessation models using two other, more narrowly defined groups of smokers -"at least occasional smokers" and "established smokers." These two groups are created based on the following survey question on daily smoking participation: "How many cigarettes a day do you smoke on average? (One pack equals 20 cigarettes)."
Possible responses included none, less than one cigarette, less than a half a pack, about half a pack, more than half a pack but less than a pack, a pack, and more than a pack.
Based on this question, the measure of at least occasional smoking participation is a dichotomous indicator where a student is considered to be "at least an occasional smoker" if he/she reported smoking less than one cigarette a day on average or more. The measure of established smoking is set to a value of one for students who smoke at least half a pack of cigarettes or more daily and zero otherwise. 5 The advantage of estimating the cessation models using these two samples (at least occasional smoker, established smoker) is in both cases we have narrowed the analysis sample to those who smoke regularly and therefore potentially could be influenced to quit. The disadvantage of both these samples, however, is that they exclude those who have successfully quit in the past year.
Tobacco control program expenditures
We use three measures of state-level expenditures per capita on tobacco control programs: a current measure, a lagged measure, and a cumulative measure. We include the three measures separately, in alternative specifications. 
Other state tobacco policies
In order to capture the effects of other state-level policies related to tobacco, we also merged cigarette prices and information on clean indoor air laws into the CAS Each of these restrictions takes on a value of 0 through 5, depending on the strength of the regulation. This index was derived by summing the restriction ratings for each of the seven regulations and gives extra weight (double) to restrictions on smoking in places 6 Cigarette brand choice in the age group we study is dominated by premium brands. The average cigarette price measure we use in the paper therefore does not include the price of generic cigarette brands. We also tested various specifications using an average price measure which reflects generic brands as well as a local measure of cigarette prices drawn from the American Chamber of Commerce Researchers' Association were also tested. The findings presented are not sensitive to the measure of cigarette price included.
that are likely to be frequented by college students and specifically include restaurants, shopping malls, recreational facilities and cultural facilities.
College characteristics
In addition to interviewing students, each wave of the CAS surveys also included an administrator questionnaire that surveyed deans of students or other administrators at Finally, also by drawing on the CAS Administrators' questionnaire, 7 Among the campus-level tobacco control policies tested, only the dichotomous indicator for 's moking prohibited everywhere on campus' revealed statistical significance in these empirical models. The information on the type of campus (all female, traditionally African-American, small private, large private, commuter campus, small public or large public) also was included in the analysis.
Student characteristics
The CAS student surveys collected a variety of demographic and socioeconomic data. In this analysis, this information is used to control for other factors thought likely to affect college student smoking behaviors. 
Geographic e ffects
We use three alternative methods of controlling for geographic variation in sentiments towards smoking, which may be correlated with tobacco control program remaining campus-level policy measures (ie. prohibited in public areas, prohibited in most areas and generally not prohibited) consistently yielded insignificant implications for the outcome measures reviewed in this analysis.
expenditures, as well as with individual attitudes towards smoking and smoking behaviors. Our first approach is the inclusion of state fixed effects based on the state in which the student attends college. Our second approach is to include three dummy variables (Northeast, South, and Midwest with West as the reference category) for the region in which the student attends college. Our third approach is the inclusion of a dichotomous indicator for whether or not the respondent attends a college campus that is located in a major tobacco producing state. This indicator takes on a value of one if the respondent's college campus is located in the state of Kentucky, North Carolina, Georgia, South Carolina, Tennessee or Virginia and zero otherwise.
Descriptive Statistics
Summary statistics of all the variables based on the full sample are provided in Table 1 . About 36 percent of the sample reports smoking cigarettes in the past year and 26 percent report smoking in the past 30 days. "At least occasional smokers" and "established smokers" comprise 23 percent and 8 percent of the sample respectively. The past 30 day prevalence rates of smokeless tobacco use and cigar use are 3.9 percent and 7.5 percent. The prevalence rate of any tobacco use 8 within the past 30 days is 28.9 percent. Additionally, 6.5 percent of students report using multiple tobacco products within the last 30 days.
Based on the entire sample, 10 percent of respondents report at least one attempt to quit in the past 12 months, and the average number of attempts in the past 12 months (including zeros) was .32. Note that these average quit rates are based on the entire sample, which includes a large proportion of students who have not smoked in the past year. A closer look at quit behaviors among those students who reported smoking within the past year reveals that 32 percent of past year smokers reveal at least one attempt to quit smoking during the past 12 months with an average number of .96 attempts (including zeros) within the past 12 months. The average real per capita spending on tobacco control programs was $.71, and the average of cumulative per capita spending on tobacco control programs was $3.42.
Results

Attempts to quit smoking
In Table 2 , we show results from probit models in which, "at least one attempt to quit smoking in the past year" is the dependent variable. Each cell represents a different model. Table 2 The findings in Table 2 show that for students who currently smoke, higher state program expenditures on tobacco control are associated with statistically significant increases in the probability of attempting to quit smoking at least once in the past year.
These effects are evident in both the "at least occasional" and "established smoker" samples, but not in the "past year" smoker sample. Three findings are notable. First, the effects of program expenditures are most pronounced for established smokers, particularly those who are in-state college students (Table 2 ). This is consistent with a causal relationship between program expenditures and smoking outcomes since in-state students have had more exposure to tobacco programming than out-of-state students. For this group, elasticities range from .02 to .03. Second, in the total sample lagged and cumulative expenditures have more consistently statistically significant effects on attempting to quit compared to current expenditures (Table 2) . Again, this pattern is intuitively appealing since one would expect there to be a lag in the effects of tobacco programs, and more expenditures should yield more benefits. Finally, with a few exceptions, the findings are not sensitive to the way in which we account for geography. Table 3 shows results from negative binomial models in which the dependent variable is the number of quit attempts in the past year (including zeros). The pattern of results is similar to the "any attempt to quit models" in Table 2 . When we consider students who have smoked in the past year, state tobacco control program spending is not associated with the number of attempts to quit smoking. The estimated coefficients on state program expenditures are inconsistent in sign and statistical significance. In the "at least occasional" and "established" smoker samples, however, almost all of the associations between state spending and the number of quit attempts are positive in sign.
As in Table 2 , in Table 3 we find the strongest associations between tobacco control program spending and the number of quit attempts in the in-state, established smoker sample. In this sample, current, lagged, and cumulative expenditures are all positively associated with the number of quit attempts, with elasticities ranging from .02 to .03.
The interpretation of our findings is not sensitive to how we treat geographic effects. In sum, Tables 2 and 3 present consistent findings that tobacco control program expenditures are positively associated with college students' efforts to quit smoking, particularly among in-state students who are established smokers.
4.3
Tobacco use Table 4 shows findings for models of smoking participation (any smoking in the past 30 days) and the log of cigarettes per day among those who have smoked in the past 30 days. The results in Table 4 show that there are no consistent associations between state tobacco control program expenditures and smoking participation and intensity.
Although many (but not all) of the estimated coefficients on the tobacco control spending measures are negative in sign, they are not statistically significant at the 0.05 level in any of the models. This is true regardless of which tobacco control program expenditures measure is used (current, lagged, or cumulative), and which smoking outcome (participation or intensity) is considered.
In Table 5 , however, we see quite a different pattern when any use of smokeless tobacco in the past 30 days and any use of cigars in the past 30 days are considered as outcomes. Considering smokeless tobacco first, the results in Table 5 
Conclusions
Young adults, a group with high rates of tobacco use and many potential years of life ahead of them, perhaps have the most to gain from effective state tobacco control programs. This is particularly true of tobacco control efforts that assist individuals in quitting or reducing smoking, such as telephone quit lines, educational interventions, and media campaigns. The findings from this study consistently indicate that higher state spending on tobacco control programs is associated with increases in college students' attempts to quit smoking. We also find that higher tobacco program expenditures are associated with lower rates of smokeless tobacco and cigar use among college students.
Overall, the results are strongest in the in-state student sample, which may suggest that more exposure to tobacco control programs yields more benefits. We caution, however, that this is just one explanation for this finding. The in-state student sample may have other, unmeasured characteristics that can explain their apparent responsiveness to tobacco control programs.
Our findings suggest that state tobacco control efforts have promise in changing tobacco use behaviors among young adults, but efforts may need to be strengthened and intensified, become more comprehensive (so as to simultaneously include multiple tobacco control interventions that address price, information and regulatory activity) as well as targeted at and designed for young adults, in order to reduce the prevalence of smoking in this age group. Support should also specifically be allocated towards activities that support or enhance smoking cessation within the population (i.e. quit lines, for comprehensive tobacco control programs is troubling, given that the increasing evidence based on national data that these programs may be effective. To inform policy, we recommend that future researchers continue to study the effectiveness of state tobacco control program expenditures in changing smoking behaviors and attitudes, as well as explore methods for disseminating this information to decision makers. 
